N umerous quantitative trait loci for blood pressure (BP) elevation have been identified in essential hypertension in the last decade, followed by genome-wide association studies. [1][2] [3] [4] [5] The high heritability of gene expression variation indicates that it may serve as an intermediate phenotype for the identification of genomic determinants of complex traits, such as essential hypertension. We initiated this approach by exploring the pleiotropic regulation of heat stress genes mapping the mRNA accumulation after heat stress and using recombinant inbred strains (RIS) developed by inbreeding the F 2 generation of normotensive Brown-Norway (BN-Lx) and spontaneously hypertensive rats (SHR). 6 We discovered a common regulator of heat stress genes, the rat heat stress transcription factor. 7 Subsequently, Hubner et al 8 undertook integrated gene expression profiling in the adipose tissue and kidneys of 6-week-old male animals from the same RIS. Dmitrieva et al 9 adopted this strategy for comparative analysis of common differentially-expressed genes in the kidneys of 4-, 8-, 12-, and 18-week-old males of 3 distinct SHR lines versus normotensive Wistar-Kyoto (WKY) rats. The renal transcriptomes of 2-week-old SHR and WKY females 10 and 9-week-old rats of both sexes 11 were compared by other research teams. However, results generated by these studies cannot serve to identify genes involved in the age-dependent development of hypertension. In the present investigation, we compared whole genome expression profiles in kidneys isolated from 12-, 40-, and 80-week-old male and female SHR and 4 RIS (HXB3, 13, 17, and 23) with different temporal patterns of hypertension development. Among the genes significantly correlating with increasing mean systolic and diastolic blood pressures, we noted the augmented mRNAs levels of Scnn1b and Scnn1g genes encoding β-and γ-epithelial Na channel (ENaC) subunits. The present study is thus focusing on the expression and activity of these genes in relation to age-dependent increase of blood pressure.
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Abstract-Elevation of blood pressure with age is one of the hallmarks of hypertension in both males and females. This study examined transcriptomic profiles in the kidney of 12-, 40-, and 80-week-old spontaneously hypertensive rats and 4 recombinant inbred strains in search for functional genetic elements supporting temporal dynamics of blood pressure elevation. We found that both in males and females of spontaneously hypertensive rats and hypertensive recombinant inbred strains age-dependent blood pressure increment was accompanied by 50% heightened expression of epithelial sodium channel β-and γ-subunits. Epithelial sodium channel subunit expression correlated positively with blood pressure but correlated negatively with renin expression. Increased epithelial sodium channel activity was observed in cultured epithelial cells isolated from the kidney medulla of 80-week-old spontaneously hypertensive rats but not in agematched normotensive Wistar Kyoto. This difference remained evident after 24-hour treatment with aldosterone. 22 Na uptake in the perfused kidney medulla was increased whereas the urinary Na/K ratio was decreased in old spontaneously hypertensive rats compared with normotensive controls. The difference was eliminated by the administration of epithelial sodium channel inhibitor benzamil. Observations in recombinant inbred strains representing various mixtures of parental hypertensive and normotensive genomes suggest that Scnn1g and Scnn1b genes themselves are not implicated in heightened expression and that the increased expression is neither secondary nor required for a partial elevation of blood pressure in contrast to spontaneously hypertensive rats. We suggest that spontaneously hypertensive rats display an intact negative feed-back between renin-angiotensin-system and epithelial Na channel activity whose upregulated expression is 2
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Methods

Rat Strains
We studied rats from 2 progenitor strains (BN-Lx and SHR parental strains), 4 RIS with distinct BP values and normotensive WKY rats at age ≈12, 40, and 80 weeks. Given free access to standard laboratory chow and water, these animals were subjected to procedures outlined in the Guide for the Care and Use of Experimental Animals endorsed by the Canadian Institutes of Health Research and approved by the Institutional Animal Protection Committee of the Centre de Recherche, Centre Hospitalier de l'Université de Montréal (CRCHUM). BP was measured by radiotelemetry, as described in details previously. 12 The animals were euthanized by decapitation under anesthesia. After opening the abdomen, fat and connective tissues were removed, and the kidneys were isolated, weighed, rinsed in saline, and either snap-frozen in liquid nitrogen (for gene expression analysis) or stored on ice (for cell-based experiments).
RNA Isolation and the Affymetrix Protocol
Total RNA was isolated from the kidneys with TriZOL reagent (Invitrogen, Carlsbad, CA) and its quality was assessed with an Agilent 2100 Bioanalyzer (Agilent, Palo Alto, CA). To investigate the expression of 15 923 transcripts, microarray experiments were performed with Rat Expression Array 230A (Affymetrix, Santa Clara, CA). For more details, see Koltsova et al. 
Real-Time Reverse Transcription-Polymerase Chain Reaction
RT-PCR was performed in accordance with the manufacturer's instructions using primers described in the online-only Data Supplement.
Epithelial Na Channel Activity
ENaC activity in cultured cells isolated from the kidney medulla was estimated by measuring equivalent short circuit current (I SC , µA/cm 2 ) across monolayers of renal epithelial cells (REC) seeded on permeable inserts. To maximally activate the mineralocorticoid receptor, cells were treated with 1 µmol/L aldosterone. To assess ENaC activity in vivo, we (1) quantified 22 Na uptake by perfused kidneys in the presence of Na + ,K + pump, Na + /H + exchange, Na + ,K + ,2Cl − cotransport and Na + ,Cl − cotransport inhibitors, and (2) compared the effect of the ENaC inhibitor benzamil on urinary Na + and K + excretion. For more details, see the online-only Data Supplement.
Data Analysis
Transcriptomic data were mainly analyzed by Agilent's Genespring 7.0 program. Probe set intensity levels were extracted from scanned arrays by Affymetrix GeneChip Operating Software (version 1.2) and normalized (MAS5) by all probe sets. The probe sets were then filtered on flags (present, marginal or absent), and expression levels were quantified. We retained only probe sets that were modulated by 1.5-fold change in intensity between BN-Lx and SHR strains at 80 weeks. Statistically significant probe sets were identified by the false discovery rate, followed by 2-way analysis of variance (ANOVA) with Strain and Age as major factors. Student t test was undertaken for 2-group comparisons. To compare >2 groups, 2-way ANOVA was used with Strain and Age as the main factors, followed by Tukey's honest significant difference post hoc test. Correlation analyses were performed with Pearson's product-moment correlation coefficient (r). Null hypothesis was rejected when P<0.05.
Chemicals
22 Na was purchased from Isotope (St. Petersburg, Russia). The remaining chemicals were supplied by Gibco BRL (Gaithersburg, MO), Calbiochem (La Jolla, CA), Sigma (St. Louis, MO) and Anachemia (Montreal, QC).
Results
Males and females of the parental BN-Lx strain were normotensive, with the highest BP detected in 80-week-old animals (systolic blood pressure, diastolic blood pressure, and mean arterial blood pressure [MAP] respectively, 140±4, 104±3, and 119±2 mm Hg in males and 141±6, 100±5, and 119±6 mm Hg in females; Table S1 in the online-only Data Supplement). As expected, age-dependent development of hypertension was observed in both males and females of the parental SHR strain (Figure 1 ). Because MAP was <128 mm Hg in all 80-weekold BN-Lx rats, we selected MAP>128 mm Hg as the criterion of hypertension in RIS. With this approach, we observed significant Strain × Age interaction for BP in RIS. Indeed, MAP was elevated in 12-, 40-, and 80-week-old HXB17 males, 40-and 80-week-old HXB17 females, 80-week-old HXB3 males and females, and 12-week-old HXB23 males whereas other animals remained normotensive until 80 weeks (Figure 1) . Table S2 contains the list of transcripts whose expression was significantly (P<0.05) changed in males and females with MAP>128 mm Hg compared with BN-Lx and the remaining normotensive RIS. Among them, we noted the augmented expression of Scnn1g and Scnn1b encoding γ-and β-subunits of ENaC (Table S2 ). ENaC is composed of α-, β-, and γ-subunits that share a common structure, with 2 membranespanning domains.
14 Because the blood pressure development was similar between males and females within the same strain (Figure 1 ), we combined the 2 sexes in most of the analyses. We observed a strong positive correlation (R>0.65, P<0.0002) of Scnn1b and Scnn1g mRNA levels as well as positive and moderately significant correlation of Scnn1a with systolic blood pressure, diastolic blood pressure, and MAP ( Figure 2 ). Figure 3 shows that age-dependent development of hypertension in SHR was accompanied by ≈60% increment of Scnn1b and Scnn1g mRNA content as compared with 80-week-old BN-Lx rats. This increase does not appear to be dependent on BP per se as we detected an increase of Scnn1g and Scnn1b expression above normal in parallel to a small initial increase in blood pressure which actually returned to normal despite progression of BP in HXB17 strain. In fact, with exception of HXB3, expression of ENaC subunits, Scnn1g and Scnn1b decreases with age in contrast to SHR. Genotyping revealed the SHR origin of Scnn1b and Scnn1g in hypertensive HXB17 as well as in normotensive HXB23 strains, whereas the BP progression in these 2 strains is contrasting. The BN-Lx origin was documented in HXB3 and normotensive HXB13 RIS again with contrasting progression of BP (Table S3) . These results clearly imply that the differential expression and BP development are independent of the genes themselves thus implicating their transcriptomic regulation.
Additional experiments disclosed significant correlations between the microarray and RT-PCR results (r=0.77, P<0.0001; Figure 1S ). Importantly, the strong interstrain variability of ENaC expression (Va) was accompanied by the low intrastrain variability (Ve) given the high values of heritability Figure 2 . The relationship between systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) and the expression of mRNA encoding epithelial Na channel (ENaC) α (Scnn1a), β (Scnn1b), and γ (Scnn1g) subunits for all groups of animals listed in Table S1 . Gene expression is shown in Affymetrix arbitrary units. Probe set intensity levels were extracted from scanned arrays and normalized by MAS5 algorithm. Each probe set signal intensity was divided by the average signal of all probe sets in each array. To assess the possible contribution of augmented ENaC subunits expression in the development of hypertension, we measured the amiloride-sensitive components of transepithelial I SC across monolayers of REC from the kidney medulla of young and old SHR and normotensive WKY rats. We observed that ENaC activity was increased after 24-hour incubation of REC with aldosterone ( Figure 4 ). This observation is consistent with data on the stimulatory effect of mineralocorticoids on ENaC activity in isolated-perfused collecting ducts. 15, 16 We also established that, independent of aldosterone treatment, ENaC activity in cultured REC from hypertensive 87-week-old SHR was increased by 1.5-to 2-fold compared with 10-week-old rats of the same strain. In contrast to SHR, ENaC activity in REC from normotensive WKY rats was similar to that in 7-to 10-week-old rats of the same strain.
Among differentially expressed genes, we noted decreased renin (Ren) expression in males and females with MAP>128 mm Hg (Table S2 ). Numerous studies have demonstrated that ENaC function is activated by renin via the renin-angiotensinaldosterone system (RAAS).
14 Importantly in this study, correlation between ENaC subunits and renin expression in the kidneys of RIS was negative strongly arguing that the heightening of ENaC expression with age is renin-independent and that lowering of renin is a feedback to volume expansion stimulated by ENaC activity ( Figure 5 ). This negative feedback regulation has been well described recently, and ENaC expression appears to be robust in adrenalectomized mice where this aldosterone independent stimulation became modulated by arginine vasopressin. 17 To evaluate in vivo ENaC expression, we measure its activity in perfused kidneys by determining 22 Na uptake in the presence of inhibitors of Na + /H + exchange (ethylisopropylamiloride), Na + , K + , 2Cl − cotransport (bumetanide) and Na + , Cl − cotransport (hydrochlorothiazide; ie, major ion carriers providing Na transport across apical membranes in proximal tubules, thick ascending limb, and distal tubules, respectively). Figure 6 shows that both β-and γ-ENaC expression and 22 Na uptake were increased by ≈40% in 65-to 77-weekold SHR compared with young rats of the same strain without any age-dependent increment in normotensive WKY controls. These data strongly suggest that the age-dependent increase of 22 Na uptake seen in the SHR medulla is caused by heightened ENaC activity in the collecting ducts. Consistently with previous reports, 18, 19 we observed lower urinary Na/K ratio in old SHR compared with WKY rats (Figure 6 ), meaning that SHR strain tends to retain more sodium in opposite to WKY rats. These differences were completely eliminated by administration of the ENaC inhibitor benzamil (Table S4) .
Discussion
The present study demonstrated the differential expression of 72 transcripts in the kidneys of SHR and RIS with MAP>128 Table S4 . *,** P<0.02 and 0.001 compared with age-matched aldosterone-treated and untreated cells from WKY rats. Relationship between expression of mRNA encoding renin and epithelial Na channel (ENaC) α (Scnn1a), β (Scnn1b), and γ (Scnn1g) subunits in the kidney of males and females of spontaneously hypertensive rats (SHR) and recombinant inbred strains (RIS). Gene expression is reported as Affymetrix arbitrary units. Probe set intensity levels were extracted from scanned arrays and normalized by MAS5 algorithm. Probe set signal intensity was divided by the average signal of all probe sets in each array. mm Hg compared with BN-Lx and normotensive RIS. Among them, the augmented expression of mRNAs encoding β-and γ-ENaC subunits correlated strongly with the mean, systolic and diastolic blood pressures. Therefore, we propose that, in this experimental model of human essential hypertension, augmented ENaC expression contributes to BP elevation in a renin-independent mode. This hypothesis is consistent with the drastic attenuation of reabsorptive capacity in the distal tubules of Scnn1g -/-mice, 20 gain-of-function mutations of β-and γ-ENaC seen in a severe form of monogenic lowrenin hypertension in patients with Liddle's syndrome, 21, 22 the antihypertensive effect of ENaC inhibitors documented in the experimental model of salt-sensitive hypertension, 23 blacks with low-renin hypertension, 24 and whites with ENaC hyperactivity. 25 Detailed experimental evidences supporting our hypothesis are the following. First, with transcriptomic and real-time RT-PCR approaches, we noted that the expression of β-and γ-ENaC subunits was increased in 12-, 40-, and 80-week-old SHR as well as in RIS with an age-dependent pattern of BP elevation compared to BN-Lx, WKY and RIS that remained normotensive up to 80 weeks (Table S2 , Figure 4 ). In an earlier study, Kreutz and coworkers failed to detect any changes in α-, β-, and γ-ENaC mRNA content in the kidneys of 16-week-old stroke-prone SHR (SHRSP) compared with normotensive WKY rats. 26 It should be underlined that Northern blotting in the cited study was hardly applicable to quantitative analysis. On the other hand, semiquantitative immunoblotting used by Kim and coworkers demonstrated an abundance of α-, β-, and γ-ENaC proteins in the cortex and outer medulla from 6-and 12-week-old SHR compared with WKY rats; animals aged >12 weeks were not included. 27 Second, β-and γ-ENaC mRNA expressions were significantly correlated with elevation of all BP parameters (P<0.005; Figure 2 ). Third, increased ENaC activity persisted in cultured REC from old SHR compared with age-matched WKY rats (Figure 4) . Fourth, we documented enhanced 22 Na uptake in perfused kidneys in the presence of inhibitors of renal Na + transporters distinct from ENaC as well as decreased urinary Na/K ratio in old SHR but not in normotensive rats ( Figure 6 ). These differences were abolished by the ENaC inhibitor benzamil (Table S4) . Importantly, although the expression of Scnn1g and Scnn1b subunits in HXB17 was similar to that of SHR corresponding to an initial increase of MAP, the expression of these subunits decreased with age while BP continued to rise in this strain allowing us to conclude that augmented ENaC exression is not simply secondary to BP increase per se. These results strongly suggest that augmented ENaC expression and activity contribute to the pathogenesis of hypertension in SHR rather than a consequence of chronic BP elevation.
In contrast to the rare monogenic forms of hypertension 21, 22 and recent data on the association of an intronic single polymorphism of Scnn1g with hypertension and renal expression of γ-ENaC in 4 cohorts of Caucasian European families, 28 no biologically-relevant mutations in coding sequences of ENaC subunits have been identified in SHR. 29 In our study, the BN-Lx genetic origin of Scnn1b and Scnn1g is present in the normotensive HXB13, whereas the normotensive HXB3 carries the allele from SHR. On the other hand, the allele of SHR origin could explain the age-dependent increase of BP in HXB17 but 
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+ ratio (C), and renal expression of mRNAs encoding epithelial Na channel (ENaC) α-, β-and γ-subunits (D-F) in female spontaneously hypertensive rats (SHR) and age-matched Wistar-Kyoto (WKY) rats. Systolic blood pressure (SBP) was measured by tail plethysmography in conscious rats placed in a chamber prewarmed at 37 o C for 10 to 15 minutes.
22
Na uptake was measured in the presence of inhibitors of Na
− cotransport, and Na + ,Cl − cotransport and normalized per mg of the medulla wet weight. Urine Na + /K + ratio was calculated from Na + and K + secretion normalized by 100 g of body weight (see Table S4 ). Means±SE are shown.
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not the normotensive behavior of HXB23 (Table S3) . These data allowed us to conclude that the augmented ENaC expression and activity in SHR are not caused by sequence variations within genes encoding ENaC subunits themselves thus suggesting abnormalities in transcriptomic regulation. Augmented reabsorption of salt in proximal tubules leads to renin release from the juxtaglomerular apparatus and RAAS activation which in turn increases ENaC activity via mineralocorticoid receptor-mediated pathway.
14 However, the hypothesis of the involvement of RAAS in heightened ENaC expression and activity in the kidneys of SHR and hypertensive RIS is contradicted by several observations: (1) Plasma renin activity and aldosterone concentration are not changed or decreased rather than increased in SHR. [30] [31] [32] (2) Neither oral nor intravenous administration of mineralocorticoid receptor antagonists have systematic effect on BP in SHR. [33] [34] [35] (3) Renin expression correlated negatively with expression of α-, β-, and γ-ENaC subunits ( Figure 5) . (4) The difference in ENaC activity between SHR and normotensive WKY was observed in cultured REC after 2 to 5 passages and was preserved after 24-hour incubation with aldosterone ( Figure 4) .
Regulation of ENaC by aldosterone is mainly mediated via augmented expression of serum/glucocorticoid-activated protein kinase Sgk1 which mediated inhibition of the ubiquitinprotein ligases Nedd4-2 and results in reduced rate of removal of ENaC subunits from the apical plasma membrane of epithelial cells. It is also well-documented that Sgk1 is subjected to activation by phosphoinositide 3-kinase (Pi3k) and phosphoinositide-dependent kinase 1 (Pdpk1)-mediated signaling cascade, 14, 36 as well as by with no lysine kinases Wnk1 and Wnk4. [37] [38] [39] We did not detect differential expression of genes encoding these protein in the kidney of SHR and hypertensive RIS (Table S2 ). Our conclusion is that the increased expression of ENaC subunits is aldosterone-independent. In addition, we noted augmented expression of forming binding protein 1 Fnbp1 in males and females of SHR and hypertensive RIS (Table S2 ). The protein encoded by this genes is a member of formin-binding protein family involved in the reorganization of the actin during clathrin-mediated endocytosis of membrane-bound proteins via recruitment of Wiscott-Aldrich syndrome protein (WASP). The role of actin microfilaments in the regulation of ENaC activity is well-documented. [40] [41] [42] More recently, Karpushev et al 43 reported that WASP proteins increased ENaC activity when coexpressed in Chinese hamster ovary cells. The role of Fnbp1 in cytoskeleton-and WASP-mediated regulation of ENaC activity and involvement of aldosterone-independent regulation by vasopressin 17 are currently investigated in our laboratory.
Perspectives
Our results strongly suggest that renal overexpression of ENaC subunits contributes to pathogenesis of elevation of BP in SHR. Recent investigations have demonstrated that increased expression of the ubiquitous isoform of Na + , K + , 2Cl − cotransporter (Nkcc1) in the cardiovascular system of old SHR are accompanied by attenuated methylation of the Nkcc1 gene promoter. Nkcc1 promoter methylation in normotensive WKY rats increased with age whereas it remained hypomethylated in SHR (for review, see Orlov et al 44 ). Do epigenetic mechanisms underlie the augmented expression of ENaC β-and γ-subunits seen in old SHR? Does augmented expression of Fnbp1 documented in our study contribute to heightened ENaC activity? The vasopressin-dependent regulation of ENaC should also be addressed.
What Is New?
• The expression of ENaC subunits correlates positively with age-dependent development of hypertension in SHR. Augmented expression of ENaC in SHR is accompanied by increased activity of this channel in cultured REC. Augmented urinary Na/K ratio decreased in old SHR was normalized after treatment with ENaC inhibitor benzamil. Unlike SHR, expression of Scnn1g and Scnn1b does not change in HXB17 RIS possessing age-dependent elevation of BP.
What Is Relevant?
• Augmented ENaC activity in REC isolated from SHR is preserved after aldosterone treatment.
Summary
Augmented Na reabsorption by ENaC may contribute to development of hypertension in SHR by a mechanism that is distinct from the RAAS. 
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Expanded materials and methods
Real-time RT-PCR.
The mRNA expression levels were validated by real-time reverse transcription-polymerase chain reaction (RT-PCR) analysis. cDNA was created with SuperScript III First-Strand Synthesis SuperMix using quantitative qRT-PCR kits (Invitrogen) and random primers. The reaction was performed with Platinum SYBR Green qPCR SuperMix-UDG kits (Invitrogen) and in a Corbett Research Rotor-Gene 3000 Cycler according to the manufacturer's protocol. Primers were designed to have a melting temperature of 60ºC and fragments amplified not more than 140 bp. After 15 min denaturation at 95ºC, data were acquired for 40 cycles of 15s at 95ºC, 30s at 60ºC and 30s at 72ºC, followed by 5 min at 72ºC. Routine melting curve analysis was undertaken by increasing the temperature from 60ºC to 95ºC. Reaction efficiencies were estimated in a series of dilution curves, with cyclophilin B as housekeeping gene to normalize the results. Primer sequences were designed with the Primer 3 program. Forward and reverse primer sequences were 5'-CCTGTTATGTCTCCCCCAGA-3' and 5'-TGACCACACAAGGAGCTCAG-3' for the Scnn1a subunit, 5'-AGTCATCGGAACTTCACACCT-3' and 5'-CCAGGATCAACTTGAGACCAA-3' for the Scnn1b subunit, 5'-AGGAATGCACCTGACAGAATC-3' and 5'-AAGGCAGATCTGGAGGGAGT-3' for the Scnn1g subunit, and 5'-GAAGGCATGGATGTGGTACG-3' and 5'-CAATGGCAAAGGGTTTCTCC-3' for the cyclophilin B gene.
Renal epithelial cells (REC)
were obtained from the kidney medulla in accordance with methods described previously 1 . Briefly, the kidneys in animals subjected to anesthesia were perfused and placed in ice-cold physiologically-balanced salt solution. Then, the medulla was isolated and cut into 2-3 mm pieces, which were occasionally suspended for 45 min with a Pasteur pipette at 37 o C in RPMI (Roswell Park Memorial Institute) 1640 medium containing 1.2 mg/ml type IV collagenase and resuspended continuously until the tissue was no longer visible. RPMI medium containing 1% bovine serum was added to stop enzymatic digestion. The tissue suspension was passed through a nylon filter, washed twice with RPMI medium containing 6% penicillin and streptomycin, then centrifuged (2,000 rpm, 5 min). The sediment was resuspended in 5 ml of RPMI medium containing 10% fetal bovine serum (FBS), 0.5% penicillin and streptomycin (Gibco Laboratories, Burlington, ON, Canada) and seeded in Petri plates. The cells were grown at 37 o C in a CO 2 incubator, and the medium was replaced after 24 hr and every other 48 hr. Confluent cells were collected by trypsinization and frozen with liquid nitrogen in a 1-ml solution containing 10% DMSO and 90% FBS. After 2 weeks of storage at -80 o C, REC were cultured in Dulbecco's Modified Eagle's Medium supplemented with 2.5 g/l sodium bicarbonate, 2 g/l HEPES, 100 U/ml penicillin, 100 g/ml streptomycin and 10% FBS. Upon reaching subconfluent density by treatment in Ca 2+ -and Mg
2+
-free Dulbecco's phosphate-buffered saline (PBS), the cells were passaged with 0.1% trypsin and scraped from the flasks with a rubber policeman. All studies were performed on cells after 2 to 5 passages. Before the experiments, cells grown on coverslips, 12-well plastic plates or 1 cm 2 permeable inserts (Corning Brand Transwell plate inserts, Fisher Scientific, Ottawa, ON) were subjected to 24-hr incubation in serum-free DMEM with or without 1 M aldosterone. cotransport (100 M hydrochlorothiazide) were added. In 15 min, isotope uptake was terminated by transfer of the kidney in ice-cold PBS, Then, the medulla was isolated and cut into 2-3 mm pieces. The tissue pieces were washed 3 times with ice-cold PBS, lysed with 1 ml of 1% SDS/4 mM EDTA mixture and radioactivity (cpm/mg wet weight) was measured by liquid scintillation analyzer. Second, knowing the increased ENaC activity in distal tubules leads to augmented Na + reabsorption and K + secretion, we compared effect of inhibitor of ENaC channels benzamil on urinary Na + and K + content. Briefly, rats were acclimatized to metabolic cages for 48 hr and subjected to intraperitoneal injection of vehicle (equivalent volume of benzamil solvent), and urine was collected for over the next 3 hr. In 24 hr, the rats were given intraperitoneal injection of benzamil (0.7 mg/kg body weight) and urine was collected during 3 hr. The content of Na 
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